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Considered i n  t h i s  paper are the flow6 of a monatomic gae 

o r  of monatomic gas mixtures in an i n f i n i t e  three-dimeneionsl space, 
f o r  which t h e  d is t r ibu t ion  functione of par t ic les '  natu al veloci- 
t ie6 is i den t i ca l  for all points. Without arguing t h i s  point, we 

s h a l l  estimate everywhere the t i m e ,  s p a t i a l  coordinate6 and velo- 
c i t i e s  ae dimensionless, r e l a t ing  them respectively t o  8- t ime  to, 

length lo and velocity l& scales f o r  a l l  came8. We s h a l l  designate 

by x,  y, z, t 
- -  

the Descartes coordinates and the time and by 4 q,&-# - 
the  p a r t i c l e  ve loc i t ies ;  c s h a l l  be the  vector with componentaG 
U , v , b .  We s h a l l  understand for t he  d i s t r ibu t ion  function 

I f i  0, x, y, z, if, v , Wi) 

-- - -- __  - 
the  number of p a r t i c l e  of the i - t h  kind at the po in t  %, y, z,4, zpr 

of a six-dimensional ~pace, related t o  volume e l e m e n t  -&~dzdudu&i.  
_- -- 

The Boltwaann equation has the  form [13 
-- - -  

(1) . 
afi afi ah ar, 
'T + ui + vi + wi ai- = I f  (t, Cf)C 

where Ii are t h e  in tegra ls  of collisione: 

*-it-= x$s [ f i  0, I, cJ f j  (t, I ,  c> - fi (t, r, ci) f l  ( f ,  I ,  q)lgf, bdb&&p (2) 
___ ----- _ _  . - - - _ _  

- _ _ _  .-.-I c 
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2. 

Here r i f i  a v e c t o r  with components x, y, 5 ;  ci b a v e c t o r  with 

compments u1, V i ,  Wi;  &j = ICr -Cl 1; b is  a dimensionless d is tance  of aim; 

t is the  correagondir ; angle ,  &j = dujdv jh j . '  
-- -- _. 

The vectore  c i , c t 3  of p a r t i c l e  v e l o c i t i e e  a f t e r  c o l l i s i o n  

determined by t he  che rac t e r  of i n t e r a c t i o n  ' are l i nked  with c i ,  
by the  funct ional  dependence: 

C; = cPfj (Cis Cj, 6, 4, C; = qfJ (Cis ci, b, 6). (3) 
It is obvious t h a t  when Fa r t iC les  are hard e l a s t i c  spheree,  

t h e  followinq s i m i l i t u d e  property t a m s  place: 

I @ij  h* &I* b, 8) = Q'ij (Ci, CJ, b, 8); (ki, ACJ, b, 8) = Lqij (if, CJ, b, e), (4) - -  - 
Fhere i a  a p o s i t i v e  a r b i t r a r y  quant i ty .  

It ie assumed below, t h a t  for each t r a n s i t i o n  t o  new variables 
i n  t h e  lef t -hand p a r t  of equationc ( 1 )  t h e r e  i e  an i d e n t i c a l  t r a n s i -  

t i o n  i n  the  i n t e g r a l s  i n  t h e  i n t e g r a l s  Ii too. 

THEELDIMENSIONAL SCATTERING-GATHERING. AEsume t h a t  t h e  

macroscopic v e l o c i t i e e  are d i s t r ibu ted  accordinlz t o  t h e  l a w  

x z t ,  ID=- 
1 '  - _  

i L ( = -  (5) 

For t h e  ca8e of a nonraref ied  as these  flows were obtained 

by L. I. Sedov &I. The l a s t  cxprers ions  characteritoftwo type6 of 
flowe. Considering them at 4 0 < f < 00, 

at - w < t < F  - t h e  gathering. We shall r e q u i r e  the  f u l f i l l m e n t  

of t he  equalitiee 

we ob ta in  the ecatter, and 

t h e  n a t u r a l  v e l o c i t i e s  of p a r t i c l e s  . d t h  va r i ab le s  %:ax-- t h e  

equat ions  (1) w i l l  take the  form 
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A t  x = y = e = 0 r e  have Ui = ut, Vr = vi, Wr =mi, and t h u  
t h e  equations ( 6 )  are equations f o r  t h e  d i e t r i b u t i o n  funct ions of 
absolu te  v e l o c i t i e s  a t  t h e  poin t  x = y = e  = O .  This is  p r e c i s e l y  

t h e  may we shall understand then below. 
Let  us sti l l  in t roduce  the va r i ab le s  ?' = T, &I = rut, qt - %VI, 

. r = W i .  Xith theee va r i ab le s  the enuet ions ( 6 )  w i l l  take t h e  form 

afi -= dT 

I n  the  t r i v i a l  c86e when the i n t e g r a l  Ii i s  i d e n t i c a l l y  

equal t o  zero, afIdT = 0, and rre have 

(8) 
L .  

e f t  = Fi (Et, qi, ti) == Fi (fur, Ni, W i ) ,  

where F i  a r e  a r b i t r e r y  I"ui;ctions 9i arr7mentr.  
The t o t a l  number of p a r t i c l e s  of i - t h  kind i n  t h e  volume t3 

It is inv-?r i ;ble  i n  time, as rmFt  be. The k i n e t i c  6eSenerg-y of 

p a r t i c l e s  of  i - t h  kind in the same volume is e p u d l  t o  

It v a r i e s  inverse ly-propor t iona l ly  t o  t2. The' i n t eg ra l s  Ii are 

i u e n t i c a l l y  equal t o  zero  i n  t r i v i a l  case of absepce of  i n t e r a c t i o n  

i n  the  cam when t h e  d i s t r i b u t i o n  of p a r t i c l e  v e l o c i t i e a  is at each 

moment of t i m e  Naxwellian. Bearing i n  mind t h e  last case,  we s h a l l  

s e e k  t h e  s o l u t i o n  of t h e  system of  ecuat ions (7 )  i n  the form 

F, = i iexp [k*rni (ti z -- + ~lf+ &">I = ziexp [- k*mt* ( i ~  + ~4 + w4> I, (1 1 j 

where k, o[i are cons tan ts ,  mi a r e  the  d inens ionless  ma6686 of 
p a r t i c l e s  of t h e  i - t h  kind. These e x p r e s d o n s  for d i s t r i b u t i o n  

funct ions s a t i s f y  t h e  condi t ions ( 8 )  and  t h u s  t ransform i n t o  zero 

- 
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t h e  le f t -hand  p a r t  of the equation ( 6 ) ,  as previously.  Eowever, 

they  a l s o  transform i n t o  zero t h e  right-hand p a r t  of (61, f o r  they 
provide at each f ixed  monent of t i m e  the  i i a x m l l i a n  v e l o c i t y  d is -  

t r i b u t i o n s ,  f o r  which t h e  c o l l i s i o n  i n t e g r a l s  a r e  sero for any 

p o t e n t i a l  l a w  of i n t e r a c t i o n  c11. Bearing i n  mind the  uniqueness 

of Boltzmann equat ions '  s o l u t i o n  i n  t i m e  when t h e  d i s t r i b u t i o n  

func t ions  are given a t  a c e r t a i n  moment of t i m e ,  we ob ta in  : 

T H E 0 R E M 1 - If gt-a three-dimensional s c a t t e r i n g  or 
gather inR,  marked by t h e  e q u a l i t y  (5). of a mixture of i d e a l  monatomic 
gwes t h e  d i s t r i b u t i o n  of n a t u r a l  v e l o c i t i e s  is Haxwellian, i t  rill 
also be Piaxrell ian at any subsequent moment of t i m e .  If at 

--- ---- -I_ 

t 3 t,, -- 

f f  = ar exp 1- em ( U f  + I4 + w:] t:, 
t h e  e q u a l i t i e s  (11)  will be va l id  at t > t7 . A t  t h e  same t i m e ,  and 
correspondinp;lg t o  e q u a l i t i e s  (-9) and (10).  t he  number of p a r t i c l e s  

Qf eroh kind i n  t he  volume ]ti3 is comstant, and the  t o t e l  kinetic 
ene rag  of a l l  p a r t i c l e s  i n  t h i s  volume, being p r o p o r t i o n a l  t o  t he  
temperature. 

- 

rill v a m  inverse ly-propor t iona l ly  t o  t h e  quan t i ty  t2. 

Let  us examine now a model, when p a r t i c l e s  are hard elast ic  

spheres .  de s h a l l  cons ider  f i r s t  an a r b i t r a r y  uniform s ta te  of gm, 

r a t h e r  than t he  f low "sca t te r ina-ga ther ing"  , i. e. when t h e  d i s t r i b u -  

t i o n  func t ions  ff -e i n  equations (1) do no t  depend on r bu t  on t: - - 

We shall at tempt  t o  compare each such s ta te  with a c e r t a i n  

f l o w  "scat te r ing-ga ther ing '  

(7)  in t he  foru: 

We s h a l l  seek t h e  s o l u t i o n  of equat ions  

__ --- - __ - -  - 
f f  = f l  [ x  0, All, AI = IT1 G. 

where C i  is  t h e  v e c t o r  wi th  components -Ut, vi, wz? t h e  func t ion  $ ( T )  

is s u b j e c t  t o  d e f i n i t i o n ,  Trking advantaTe of s i m i l i t u d e  p r o p e r t i e s  



5. 

of  (3) and (4 )  i n  t he  t ransformations of t he  r iTkt -hana  p a r t  of (,)), 

we s h a l l  ob ta in  i n  place of ( 7 )  t he  equat ions:  

- - -  . _ -  

The equalLt ies  (12)  show, t h c t  i n  o rde r  t o  solve 

s e t  up, ye must pos tu l z t e  

I n  t h i s  way, t o  each s o l u t i o n  f, = p"(t, cl) of t h e  - 4-.- . 

the  problem 

B o l t  .~mrnn 

equat ions  for a uniform s t a t e  of e l a s t i c  e?here models would corres-  

pond the s o l u t i o n  f, = e[(P 7~). It1 C,] of Boltzmann equation8 for 
t h e  "scatterin:-gethering" f l o w  . The s o l u t i o n  for t he  "sca t te r ing-  

gathering'# case ,  f o r  which at I tl = 1 (genera l  case  because of time 
to ecale a r b i t r a r i n e s s  f i = @ i ( C i ) ,  i 6  obtained i n  t h e  form 

1 1  

* 
t s  

-=- dx(7-I 7'4 i , x ( T ) = p - - -  T r *  p=Comt. dT 
0 where 

d i t i o l l s  E@, C i )  = at (cf).hcase of scatter t > 0 and t +Tre have 

f i  (f, Ci =f i (V3 ,  k~) ,  L e ,  a d i s t r i b u t i o n  obtained i n  i n f i n i t e  time correspond- 
i n g  t o  t h a t  a l ready  obtained f o r  a uniform Eta te  at  t = 

fi ( t ,  ci)- is the  &o? .u t i cn  f o r  a uniform s t a t e  w i t h  initial con- 
. .  - 

1 
To I . I- 

$or Tethering flows t < O ,  at t 4 - 0  f i  ( t ,  C,) = 8 - (-( i t  ic,). 
Therefore ,  bear ing  i n  mind the theorem 1, v a l i d  for hard e l a s t i c  sphere  

modele, and the  well-known property of appraoching the  Maxwellian 
d i s t r i b u t i o n  a t  t +oo and a uniform s ta te  C l ] ,  we ob ta in  : . 

T H E 0 R E M 2. - For e l a s t i c  hard-sphere model6 i n  case 
a f t h e r i q g  n o - .  t h e  d i s t r i b u t i o n  of n a t u r a l  v e l o c i t i e s  w i l l  e i t h e r  

be M a x r e l l i a n  all--tlh? t i m e ,  o r  w i l l  no t ,  gene ra l ly  speaking, p 888 

i n t o  M a x u e l l i a n  d i s t r i b u t i o n  even a t  t + e o ; - - i n  C88t of gather inq  -- --- 
- flows. the  d i s t r i b u t i o n  tegds t o  become- M ~ e e d - l ~ _ a t  t + 0.  
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